Monoclonal antibodies from four clones (C5, C3, B211, and B21) directed against staphylococcal enterotoxin A were tested by the indirect enzyme-linked immunosorbent assay and double-gel immunodiffusion (microOuchterlony) assay for the nature of heavy and light chain types. The reactivities of monoclonal antibodies were also tested by (i) indirect enzyme-linked immunosorbent assay with various levels of purified staphylococcal enterotoxin A and various levels (dilutions) of monoclonal antibodies and (ii) saturation analysis-competitive indirect enzyme-linked immunosorbent assay. The heavy-chain isotype of monoclonal antibodies was found to be an unspecified subclass of immunoglobulin Gl, and the light chain was the kappa type. Monoclonal antibodies from all of the clones exhibited high reactivity and nearly the same affinity to staphylococcal enterotoxin A in saturation analysis-competitive enzyme-linked immunosorbent assay. Purified immunoglobulin G from B21 yielded very high absorbance (1.2) at 405 nm with 1 ng of staphylococcal enterotoxin A as the coating antigen in the enzyme-linked immunosorbent assay. Monoclonal antibodies from B21 also neutralized the biological activity of staphylococcal enterotoxin A when tested by the kitten bioassay.
We have recently succeeded (6) in producing hybridomas which secreted monoclonal antibodies (MAb) to staphylococcal enterotoxin A (SEA). Tissue culture fluid from these clones exhibited high titers (106 to 107) in an indirect enzymelinked immunosorbent assay (ELISA). Specificity of these MAbs in detecting SEA was also demonstrated via electroimmunoblots of crude SEA from growing Staphylococcus aureus cells.
Since both the isotype and the affinity of the MAb have a significant bearing on their application (2, 8, 12, 20, 21, 26) , we have partially characterized the isotype and determined the relative affinities of MAb from four clones. This communication presents the results of these studies.
MATERIALS AND METHODS
MAb. Four hybridomas designated C5, C3, B211, and B21 were obtained from the fusion of spleen cells of BALB/c mice, hyperimmunized with purified SEA, with NS-1 myeloma cells (6) . These hybridomas were grown in Iscove modified Dulbecco modified Eagle medium (GIBCO Laboratories, Grand Island, N.Y.) supplemented with 15% fetal calf serum, 0.002 mM ethanolamine, 12 mM hypoxanthine, 8 mM thymidineglycine, 100 mM sodium pyruvate, 0.5 mM ,B-mercaptoethanol, 7.5% sodium bicarbonate solution, 0.5% amphotericin B, and 0.1% gentanmicin sulfate. The culture supernatant from each clone was dialyzed against 0.02 M phosphate-buffered saline (PBS; 0.02 M phosphate, 0.14 M NaCl, pH 7.3) for 24 h at 4°C, and the dialysate was stored at -20°C until used.
Determination of antibody isotype. The isotype of the MAb was determined through the solid-phase, noncompetitive ELISA. Polystyrene microtiter plates (Dynatech Laboratories, Alexandria, Va.) were incubated with 100 ,ul of 0.02 M PBS (pH 7.3) containing 1 ,ug of purified SEA (lot FDA,DM-MBB) per well as the coating antigen for 18 h at 4°C. The wells were blocked with 1% bovine serum albumin (BSA; Sigma Chemical Co., St. Louis, Mo.) dissolved in PBS. After three washes with PBS, MAb (100 ,ul of tissue culture fluid) were added to each well and incubated at 37°C for 3 h. After three washes with PBS-0.05% Triton X-100, rabbit anti-mouse antibodies (conjugated with horseradish peroxidase, 100 ,ul of a 1:700 dilution in PBS-1% bovine serum albumin [ Competitive saturation analysis by ELISA. Various levels of purified SEA (U.S. Army, Fort Detrick, Md.) were prepared by making 10-fold dilutions of 4-mg/ml stock solution of SEA in PBS, and 25 [L1 of the respective dilution was mixed with 10 pL1 of MAb from each clone in separate tubes.
These were incubated at 4°C for 24 h. The SEA-MAb mixtures were then added to 96-well polystyrene microtiter plates coated with 1 ,ug of SEA per well and blocked with PBS-0.25% gelatin. After incubation for 2 1/2 h at 37°C, the plates were washed three times with PBS-0.05% Triton X-100. The ELISA results (OD values at 405 nm) were recorded as described above.
Determination of dilution curves. Dilution curves were obtained by testing various dilutions of MAb and purified SEA through the indirect ELISA. The microtiter plates were coated with 100 p.1 of PBS containing the appropriate amount of SEA at a concentration of 0.01 mg of SEA per ml. Fifty microliters of a 1:32 dilution and serial eightfold dilutions of MAb from each clone were added to individual wells of the microtiter plates and incubated at 37°C for 3 h, followed (after three washings with PBS-0.05% Tween 20) by incubation with 100 pL. of a 1:1,000 dilution of horseradish peroxidase-conjugated rabbit anti-mouse IgG (Miles Laboratories, Inc., Elkhart, Ind.) for (16, 22) and some IgG2a with kappa light chains.
Reactivities of MAb. The reactivity of each MAb was evaluated by (i) dose-response curves, (ii) absorbance at a single dilution of antiserum, and (iii) saturation analysis by the indirect ELISA with 1 pLg of purified SEA per well of microtiter plates and culture supernatant or its dilutions as MAb. The data shown in Fig. 2 are typical responses of the MAb. The MAb from each clone showed a dilution curve pattern considered typical of high-affinity antibodies, i.e., a plateau of maximum absorbance (OD) over a series of antibody dilutions followed by a sharp decrease at higher dilutions (17, 23) . The dilution of the culture supernatant (concentration of antibody) associated with 50% plateau binding corresponded to 108 with C5, 107 with C3 and B211, and 105 to 106 with B21.
The data shown in Fig. 3 (4, 14, 17, 21) , then the ranking of concentrations would be C5 > C3 > B211 > B21. In other words, MAbs from C5 and C3 were 2 to 2.5 times higher in concentration than MAb from B21. Definite antibody concentration on a weight basis cannot be determined by the ELISA, since the ODs are influenced by the affinity (17) .
The data shown in Fig. 4 of somewhat lower affinity than those from the other clones. Improper alignment of antibodies due to overcrowding with resultant low ODs (4, 7, 13) in the ELISA are expected from low-affinity MAb. This perhaps is the case with the MAb from C5, which showed a very high titer (Fig. 2) or high antibody concentration. Higher concentrations of lowavidity antibody subpopulations in polyclonal antisera were shown to bind better to low-density antigen surfaces than to high-density antigen surfaces in the indirect ELISA (15) . In other words, at low antigen levels (32 to 4 ng) low-affinity or -avidity antibodies are expected to yield higher ODs than high-avidity antibodies. This does not appear to be the case here, because MAb from C3 and B211, which showed relatively high and nearly the same titers as C5 (107, Fig. 2 (Fig. 2, 3, and 4) , it would appear that the MAb from C3 were of higher affinity than the others, and the ranking of affinities are C3 > B211 > B21 > C5. Therefore, data from Affinity-purified IgG from B21, which represented 95% of ammonium sulfate-precipitated protein and about 10 to 15% of total protein of the B21 culture supernatant, was used to determine the sensitivity and reactivity of MAb by using various levels of SEA (1 ng to 10 ,ug) and a constant level of IgG (1.5 p,g; Fig. 6A ) and various levels of IgG (1.5 pg to 1.5 ,ug) and a constant level of SEA (1 , ug per well; Fig. 6B ).
Nearly all of the antibodies (1.5 jig) were bound by 1 ,ug of SEA, and even 1 ng of SEA (Fig. 6A ) yielded a very high OD (1.2). This degree of sensitivity ('1 ng) is generally associated with high-affinity MAb (21) . Data obtained with another batch of purified SEA and both purified and crude MAb (culture supernatant) of equal concentration of IgG from clone B21 (Fig. 7) 
